ABSTRACT

INTRODUCTION
It is often thought that raw one-component maps report "what is there", that they report a 142 sort of "objective ground truth". However, Reimann (2005) and others (Reimann and (Reimann et al. 2014a,b) , changing the dependence of the colour scale: (A) using 166 equidistant classes in the raw value scale, (B) using equidistant classes in the log- 167 transformed value scale, and (C) using quantile based (equal probability) classes in the raw 168 value scale. Note that the units are latitude and longitude coordinates but the orientation of 169 the image has been changed to highlight changes that are dependent on the colour scale Nevertheless, it should be noted that when using raw 'point data' the interpolation method 182 should be chosen to ensure several aspects relevant to compositional data, in as much as 183 the interpolated values should (1) remain in the real positive space, and (2) not sum up to 184 more than 100%. Thus interpolated maps should not be obtained separately component by 185 component, as this cannot guarantee adherence to CoDA constraints (as outlined earlier).
Joint interpolation methods able to cope with these constraints should be preferred (for 187 example Tolosana-Delgado and van den peat rather than conventional soils (Fig. 3b) . A similar effect is seen for zirconium (Zr), 247 though it is enriched in the metasedimentary rocks (Fig. 3c) . In areas of consistent bedrock, 
267
It is important to note that inherent compositional data properties apply to major, minor 268 and trace elements, so there is no reason to distinguish them methodologically, although Advancing towards the conclusions of this paper, the compositional alternative to single 280 component maps will be maps of certain well-chosen log-ratios of two or several components. The next subsections explain the basics of these transformations, followed by 282 the geochemical and statistical rationale behind each proposed strategy.
284
The log-ratio transformations 285 Standard logarithmic transformations are not sufficient because it is the ratio to another 286 element that deals with the closure restraint. The use of one to one ratios does eliminate 287 the initial closure effect but ratio correlations are known to be subject to restrictions or 288 "spurious" correlations. Several families of log-ratio transformations exist in the literature. 
296
The pairwise log-ratio transformation (pwlr) takes all possible pairs of elements and 297 computes their log-ratios. The pwlr allows us also to introduce an alternative to correlation to be used as a criterion of ).
337
The somewhat artificial role of the geometric mean becomes clear if we consider that each 338 clr variable represents nothing more than the average of all pairwise log-ratios with one of 339 the elements, i.e. the averaged sum of a column (or a row) of the pwlr matrix, 340 ln ( ) = 1 ( 1 + 2 + ⋯ + ).
Note that this averaged sum of all pairwise log-ratios contains the totality of the variability 342 of the elemental composition with respect to the set of components that was considered. In general applications of CoDA, the constants of proportionality are necessary to be able to 396 compare the balances between them. However, in the case of mapping and given that we 397 are going to use equal-probability intervals (Reimann, 2005) In relation to the problem of Ni and Zr dilution by LOI (shown previously in Fig. 3 ), geological 434 knowledge would suggest that it may be more useful to analyse a simple log-ratio, or a 435 certain balance related to a reasonable equilibrium. Indeed, in this example using the (log-) 436 ratio Ni/Zr reduces the masking effect of peat cover (LOI dilution effect) and illustrates a 437 greater delimitation of the Palaeogene basalt-Dalradian metasediment boundary than any 438 of the three single component maps (Fig. 3d) . However, although being of possibly highest 439 interpretational potential, ratio or log-ratio maps present one challenge: we are not used to 440 reading them. This can be resolved by practice and it is advocated that the expected effect 441 of less methodological artefacts promises this investment to be worth the time.
442
Of course, not everything relevant is always expressible in terms of (log-)ratios. 
The pairwise log-ratio map
473
The second option is to rely on one of the standard log-ratio transformations, for instance 474 the pairwise log-ratio (pwlr). The challenge in this case is the number of pairs that are In the authors' opinion, using the geometric mean of a geologically meaningful subset of 529 components, selected on the basis of a geological understanding, may offer a possible way 530 to form a compromise between the two situations that we have demonstrated (Fig. 6 b and   531 c). That is using pairwise log-ratio maps (one element to another, or any knowledge-driven 532 log-ratio) and using the clr scores of the full composition including the problematic reason. An example of this approach could be to use a subcomposition of potentially 547 harmful elements that are known to adversely affect human health (for example As, Cr, Pb 548 and Cd). In fact, this approach is reminiscent of the first method, knowledge-driven log-ratios, where the interpretability of the resulting variables is assumed since there was a 550 knowledge-driven rationale for the approach. methods. Again, these will be exemplified using the Tellus case study.
563
Supervised Approaches
564
In the supervised approach the goal is to find which log-contrast better relates to known 565 secondary information which is also available. For example, we may be interested in 566 identifying the log-contrast which best distinguishes between two types of geochemical 567 situations such as two terranes, or areas of peat coverage and peat free areas. In that case 568 we could start from a subset of the data, where this extra information is known (i.e. a 569 training set). The best log-ratio can be computed by a linear discriminant analysis derived 570 from any log-ratio transformed composition, although due to numerical issues, ilr and alr is possible to use this criterion to select the optimal pairwise log-ratio that maximizes the R- In the example shown in Figure 8 using the Tellus regional soil data, a cluster dendrogram is 629 constructed using all those components without missing values (shown in Figure 4 ).
630
Although it is acknowledged that this introduces a bias, since the treatment of below 
